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Studies to provide-information concerning botulinum intoxication
were conducted in an attempt to determine what parameters influence

'AL the prolonged recovery time following intoxication and if the routes
uf antitoxin treatment could influence the rates of recovery and
docrease mortality in test species. (u)

In order to study prolonged recovery times, mice were injected via
the intramuscular route with sublethal concentrations of botulinum
type A toxin. Proteolytic enzyme solutions were injected into the
test site to determine if the removal of bound proteinacious toxin
from neuromuscular junctions could influence-paralytic recc'vary times.
Parameters of observation were gait of animiall, production of lesion at
site of injection and activity of paralyzed and treated mice. Trypsin
and protease at 1. mg concentrations appeared to markedly influence
rocovery whereas chymotrypsin, papain, ficin, pepsin and CaC12 did niot
significantly affect decrease of paralysis. (u)

The efficacy of intraperitoneal versus intravenous injection of
botullinum -ititoxin was studied by initiating a state of paralysis
with resultin, death of groups of mice and prophylactically adminis-
tering specific antitoxin by either the intravenous or intraperitoneal
routes. There appeared to be no effect of route of antitoxin adminisi-
tration on protective action of anitisera therapy. ((U)
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.NVESTIGATION OF THE PROLONGED RECOVERY TIME

FOLLOWING IOTULINUM INTOXICATION - EFFICACY OF

INTRAPERITONEAL VERSUS INTRAVENOUS INJLCTION

4.OF L, .2ULINUM ANTITOXIN

S UMM4ARY

Studius to provide information concerning botulinun intoxi-

catii, were conducted in an attempt to determine what param-

eters influence the prolonged recovery time following

intoxication and if the routes of antitoxin treatment could

influence the rates of recovery and decrease mortality in

test species.

In order to study prolonged recovery tines, mice were injected

via tile intramuscular route with sublethal concentrations of

botulinum type A toxin. ProI~eolytic enzyme solutions~ were

*injectod into tile test Sito. to dc Qriine if thle remnoval of

bound proteiinaciots toxin from neuroniuscular junctions could

influence paralytiu reuvery' timeiB. Paramiuters' of- observation
were-gait of aliima1, production of lesion at site of irijocn

*and activity of pars liyzod mid truatud wice-. T1rypsi'l and pro-

tease at 1 mg ooncntrations appeared to markedly influenice

recovery wheureas ecymotrypsii, papain, ficirle pepsinl amd Cad,

$did not -significanitly -a-1-vt decreaso uf paralysis.

The eff icacy of intrajperitatical verf-sus intravenous injocLioii

of botulinum antitoxin wa:5 studied by initiatifiy a state of

paralysis with resultj death of g~roups of~ mice and pxropy

lact- Ially adininistr,;, specific antitoxin by either the

intravenous or intraporitontxL rot~Teeapa~dt e

Ito effect of route of atiLitc-in adminisLratiua onl protectivu

action ot. antiscra tnerapy.
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INVESTIGATION OF ThE PROLONGILD RE'COVERY TIM4E FOLLOWING

BOTULINUM INTOXICATION

The course of botulinal intoxication following the binding of

toxin to a specific site in the nerve fiber was studied by

injecting mice with a sublethal paralyzing dose of botulinumI type A toxin. Toxin which was not bound immediately follow-

ing injection was neutralized intraperitoneal inoculation

with specific antitoxin.

As reported in previous reports, testing criteria to deter-

mine the extent and severity of paralysis consiste6 of use of

test miouse motion in an activity cage. As the mouse moves

through beams of invisible lighit, activity is mneasured as
.k- counts per periou of time.

The rosults of activity ofZ mice following administration of

~ .. toxin by the intramuscular, intraperitonoal and stoma~ch intu-

bation routes are prosoiitea in Tablu 1. Siquitioant paaysis

was obsurved foll1! inItramuscular injection of 1/2 UJ'5 of

kVolluwincj theso initial oxperiments, tevits wow performe~d to

datorinu if injection of various pruoolytio enzyitis Could

V ~ ~~destroy botulinuni tuxi'n in Vivy. Ill th :prViosxie
four mica weru placou in the activity caqje. Three mi.ce pur

qrouP wurd UsUQ in thusu UXorilt.wits. U)% k oup ot
recoivud Uither two-L of toxini in the left hind log or 138

diluent. U1ne hour later aill anim~als rcceivud 0.1 nil of aii1. toxin and foui houro la-ter all aninils receivoti 0.1 ml of
Orsilly prepared prutoolytic uz12yI1e oniniy0 i/all in the



WOODARD RESEARCH CORPORATION

2-

TABLE 1
iT

ACTIVITY OF MICE FOLLOWING ADMINISTRATION

OF DIFFERENT AMOUNTS OF TOXIN - ACTIVITY

Ii  PRESENTED AS PERCENT OF CONTROL GRUUP

Rouee of Percent Day
Injection LD 1 4 1i_15

Intra- 1/2 45.96 34.16 64.91 82.48
muscular 1/4 82.72 89.11 107.45 88.73

1/8 94.68 91.62 101.94 89.18

Intraperi- 1/2 86.99 1011.10 105.11 111.06
toneal 1/4 285.11 436.84 159.56 158.07

1/8 162.58 284.47 142.56 187.63

Stomach 1/2 29.84 12.20 106.79 137.62
Intubati.on 1/4 U7.91 119.75 94.93 129.00

1/8 9.0.97 136.03 173.28 158.79

same hind leg. Chymotrypsin, protease, trypsin and CaCl2
(control) wer usua as salinu solutions. Thu anirtals were ob-
servu for walk and stance, ability to walk down a vertical

rod, and prcsence of unzywo-induced lesion or sure at the site

of injuction for two weeks. Tile results are presented in

Tables2, 3 and 4.

Tables b and b present activity uage rLsults of mice treated

with toxiln to induc0 pardlysis 1ad then illjOc'ted thro-

teolytic anzymes. This data demolstrated marked paralysis in

all toxiin-treated animals except those receiving protease and.

trypsin. Papain anu f icin rusultod in e Pxtensiv tissue damage

at the site of injoctioal.
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T~ABLE 2

VER~TICAL ROD, GAIT AND STANCE, AND SORES AT THlE

INJE"CTION SITE AS A RESULT OF ENZYME TREATMENT

Toxin Animals Diluent Animals
qP ,__________ Treatment -Day 1 Day

7F_______ 3r 7 11 16 -1 3 7 11 16

Control

Vert +++ ++
Gait
Sore

Vert + +++ +
Gait +
Sore

Ve rt +
Gait++
Sore

pepsin

Vert + +4- +
-Gait +4 +
So re

Vert + + +
1>- Gait + + 4+ +

Sore

V Vert 4' + +
Gait + +
Sore

T1ryps in

Vert +
Gait + + +
Sore + . +

Vert +.+ .+ ++

Gai t + ++

soro + 4+
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TA13LE 2 (Contd)

VERTICAL ROD, GAIT AND STANCE, AND SORES AT THE

INJECTION SITE AS A RESULT OF ENZYME TREATMENT

Toxin Aniials D571fiet Anima1
Trcntment Day Day

________ _______1 3 7 1 1

*C Chymotrypsin

ye rt +
Gait + +
Sore + +++

Gait +

Sore + +ifVert 4

Papa in

Vert ++ + + +++ *
G a it ++ + + ... .+.
Sore + +

Ve rt+
Gait + +
Sore + +
Vert 4- 44 + +
GalL +4' +
Sore + + +

Ve'rt +++. + . + +
Gait ++ ++ +

+oe4 + + +
Vert 4, + . +4

Sore +' + + + + +

I' 1uj badly crippled
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TAB3LE 2 (Contd)

VERTICAL ROD, GAIT AND STANCE, AND SORES AT THE

INJECTION SITE AS A RESULT OF ENZYME TREATMENT

Treatment Day Dih~~hiuntna
1______3__ T 7T 11T1 21 3 7 11 1

Protease

Ver t
Gait +
Sore + +

Vert +
Gait -4
Sore ++

VerL
Gait + +
Sore + +

Vert ++ +

Sore

Vort * +
w ;1it +
Sore

Gait.

UiiJ11-o cted Control

Wurt

sore

Vert Gait
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TABLE 3

VE~RTICAL ROD, GAIT AND STAWCE, AND SORES AT THE

INJECTION SITE AS A RESULT OF ENZYME TREATMENT

NEOSTIGMINE INDUCED HYPERSENSITIVITY

___________ Vert Gait Sure Vert (ME ore

Coto ++

Protcajo --

Cac12  +

UIain~jcted Contro-1
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TABLE 4

VERTICAL ROD, GAIT AND STANCE, AND SORES AT THE

INJECTION SITE AS A RESULT OF ENZYME TREATMENT

A RELATIVE TO ENZYME CONCENTRATION

Toxin Animals Diluent Anials
Treatment Day ____Day

-1 4 711Y-1 11
Control

Vert+

Sore

Vert ++ +
Ga it
Sore

Vert

Sore

'Vert - ++ +++ + +1
i at '4+

4- i + + + +- +

'V ex.t ++-."1+ 1
Gai +

.7 ~ ~ 3,< + + ~. ++ + + +

Vu Vtwt +++. +++
Gait< ++ +++

Sor~ + + ~ + + + + +

Vet +

Gal.,
Sore

Vrt
-So re

ve A

tk Lt i
soxe



WOODARD R~ESEARCH CORPORATION

TABLE 4 (Contd)

VERTICAL ROD, GAIT AND STANCE, AND SORES AT THE

~t INJECTION SITE AS A RESULT OF ENZYME TREATMENT

RELATIVE TO ENZYME CONCENTRATION

Toxkin Animal s Diuet ias
Treatment Day Day_____

1___ _ 1 4 7 1118 1 7 111f8

Trypsin

Vert +4 + +
Gait+
Sore + + + + + + + + + +

Vert +++ + + + +++ +
Gait +
Sore + + + + + + + + + +

Vert +++ ++ + + ++
Gait
Sire + + + + ++ + + + +

0.33 mg
Vert + +

A Gait
Sore

Vert +
Gait
Soro

Vert +++ +
Gait ~ +
Sore +

0.11 Ri1c

Vert
Ga it
Sore

Vert :L +
Gait
Sore

Vert +++
Getit
Sore
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TAB3LE 4 (Contd)

VERTICAL ROD, GAIT AND STANCE, AND SORES AT THE

INJECTION SITE AS A RESULT OF ENZYME TREATMENT

RELATIVE TO ENZYME CONCENTRATION

Toxin AnTimals -biuent Aimwals
Treatment Day Day

1rotease-1 mg

Vert .+++ ++++ +
Gait +
Sore + + + + + + + + + +

Ve rt +++ +-F+ ++ ... ... + +
Gait +++ +++- + +++ ++ +
Sore + + + + + + + + + +

Ver t ++ + + + +++
Gait + + +
Sore + + + + + + + + + +

0.33 mg

Vert++
GaitL
Sore +

Vort+
Ga i L
Sort)

Vert ++ ++
G cdit+
soro

0.11 i

Vet++ 4+ + +
+

Ve rt 4, +

G&ai L 4
Sore
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TABLE 5

PERCENT ACTIVITIES OF' MICE PARALYZED

WITH BOTULINUM TOXIN AND TREATED

PROPHYLACTICALLY WITH PROTEOLYTIC ENZYMES

Treatment 3Day-~

Control 50.1 48.6 73.1 68.1 49.4

PL)psif 37.2 41.2 46.1 39.1 5.3.0

Trypsin 88.1 80.4 81.9 86.2 115.8

Chyniotrypsin 54.4 54.7 85.9 61.0 79.9

Papain 43.2 38.9 46.6 51.0 52.8

Ficin 74.6 57.0 68.8 86,2 721.5

Proteas 66.8 218107 121.4 94,2

Cad 2  43.2 33.9 51.5 53.1 57.5

.1 2
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TABLE: 6

*t~ PERCENT ACTIVITIES OF MICE TREATED WITH

DIFFERENT CONCENTRATIONS OF PROTEOLYTIC ENZYMES

FOLLOWING BOTULINAL PARALYSIS

4Dosage Percent Decre-ase of Control
Treatment Level Day ___

_________ ig 1 4 7 118l

ftControl - 61.6 63.8 80.7 82.5 78.2

Jiyrotrypsin 1 55.0 77.0 72.8 50.5 54.3

CaCI2  1 91.8 188.3 23b.1 179.2 177. 3

Protease 1 62.6 54.4 90.9 84.1 90.4

Pro-tease 0.33 109.4 89.9 222.4 210.9 184.4

Protease 0.11 52.9 73.7 73.8 56.4 79.2

Trypsin 1 49.2 51.1 75.3 52A4 62.3

:':ysn0.33 144.5 245.9 591.7 380.7 292.3

Trypsin 0.11 50.7 81.3 47.6 76.3 87.3

I-A
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EFFICACY OF INTRAPERITONEAL VERSUS INTRAVENOUS INJECTION

CF BOTULINUM ANTITOXIN

Studies conducted were designed-to compare the difference in

efficacy between intraperitoneal (II') and intravenous (IV)

injection of botulinum antitoxin following stomach int-Lbation

of type A botulinum toxin into Swiss-Webstek-mice. Mice were

inoculated with 0.25 iof toxin solution bv the per os route-
by inserting a round end needle into the stomiach of eac.1 mouse

and expressing Lhe toxin. Dotulinum antitoxin (Wellcome Lot

K 9710) was serially diluted in saline and 0.1 ml of each dilu-

tion was injected eith-er-by the II? or IV r:outQ into each toxin

treated mouse. The results of initial studies arc- presonted

in TaLble 7. Marked differences inl protection were not noted.

A second group of experimtents was conducted in which greater-Idilutions of~ antitoxinl Were Used inl order to determine1 i f Ole
Ilow dozatih rates initially observed wuru due to high aIntitoxin

concentrations. Aqkin, a signiificant ai ' renlce butwoon the'

two ro0ute.s was 11ot 'obsuervud. 111-i i data is prosentea in Tabl.o

In addition, s~peces sox d id iiot a.ter the resuli. whivh Wk'N:~e

olbtainod as shown -in Table 9.

A aekalco Observation withill the laboratory indi~t6(ted ~C )

which aro fastod bucomat mIore susvoj)ible. t~o botulillal intoxi-

cation. Tabjle 10 proswits daLa obtahined wlhia mic W rwe f aste
for 24 liurs and inloculated with lO-1old dilutiOis of Utu Ii p It-,

Lypa' A toxin by stowach intubation. A otal ot tlirov- trl.15

pwas~ couuctud, Two Uf thrcw trikAjls provides expeto (dcoe-

respnserosult.s.
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TABLE 7

*2 . INTRAPERITONEAL VERSUS INTRAVENOUS PROPHYLAXIS

4 * OF BOTULINAL INTOXICATION IN M~ICE

JiYuf. of Dilution Number oj: Daths

;iti-in of Post In1joction (Hours) Dead/Total

t 6nul. Antitoxin 7 23 31 4~ 67 0______

10- -4 1 1 0 0 7/20
*u 0 0 0 0 0 0 1/20

-2
10) 1 1 0 1 (1 0 0 2/20

S10 ~ 0 3 0 0 0 0 0 0/2U

/. 1/2U

I/ 0 0 22

*u 0. * u 1
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TABLE 8

INTRAPERITONEAL VERSUS INTRAVENOUS PROPHYLAXIS

OF BOTULINAL INTOXICATION IN MICE

USING DILUTE CONCENTRATIONS OF ANTITOXIN

Route of Dilution Number of DeathsDed
Antitoxin of Post Injection (Hiours) e/

Acbin. Antitoxin 52 26876 92 106 Total

IV 10 - 0 1 1 0 0 U) 0 2 0 4/20

10- 0 0 0 0 0 0 0 0 0 U/20

10- 0 1 0 0 0 0 0 0 0 1/20

10 ~ 0 1 0 0 0 0 0 0 0 1/20

100 0 0 a 0 0 0 0 0 0/20
44

l0u 0 0 0 0 0 0 0 0 0 U/20

10 U 0 0 .0 0 0 0 -0 0 U/20

Conrc - . 2. 01 0 0 0u 0 u 0/.2 U

0- 0 -/20

0r: -

'I4
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TABLE 9

T11E EFFECT OF SEX ON THE INTRAPERITONEAL

VERSUS -INTRAVENOUS PROPHYLAXIS

OF BOTULINAL INTOXICATION IN MICE

Route of Dilution Number of De6aths
Antitoxin of Sex Post mInj (Hiours) Dead/Total
Admn. Antitoxin 8__ 243 4

IV l0- 5 20M* 0 1 0 3 0 4/20
-4

10 2014 0 0 0 0 0 0/20
10Oov 0 1 0 0 0 1/10

lop**V 0 0 0 0 0 0/10,

102 101i 1 0 0 1 2/10

lop 0 0 0 1 0 1/10

II? 10 20M 0 0 0 1. 0 /2

10O10 0 1 0 1. 1 2/10
101.' 0 1 0 1. U :2/10

10 1 0iV, 01 0 0 .0 1 1/10.
10F I 0 U. 0 1/10

*10 ~ 1 U ti 0 0 0 1 0 1/10
101.1 0 0 0 0/10

control. DV U '~1 00 0 0 .1/3
1231 1 0 4/2

Veae
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TABLE 10
MORTALITY OF MICE RECEIVING BOTULINUM TOXIN

FOLLOWING REMO0VAL FROM FEED FOR 24 HOURS

Botum oxn Death-Survivr Rat io
Dilution ~ Tl'7a 1 Trial 2 Trial 3

1:2 4/10 9/10 3/10

1:4 3/10 7/10 2/10

1:8 3/10 5/ 1 1 2/10

1:16- 0/10 2/10 3/10

1:32 0/10 - 0/10

a1.b4 0/10 0/10

Following experimnents to deominu the poteney of botulinum.

toxinl )y. the Stomac~h intubationl route in f is tea a1ijue, 'tests

ec' Conduced inl Which mnico intoxicaited by this .ioutu Wore,

troatud with atititoxin bjy thuo intrapareitomy-al route in ordor to

daurmi ne it tis. t a&~tmunt CalindeL 8 -ie t. sourity. of
~y~pua~ rnitur* of ai~hs.. -Truae trials were collducLod- ill

Y hi (1 mi ce wcnj Jnou.latud'.by the stomach tLube- routol and woe
tnjoctud by t ilruitua.oteat two hlours with U01 1111

o: 1-;ntitoxdin (tvollcutnu 6atelk K 9710).. -Thiu m icc, wvre. obsorvcd.
daxly f~or five days and deathis aai/ar surviving atimmls werc.

rcorded. Tito re ultu of tie:3e s Ludiou r onted in
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TABLE 11

MORTALITY OF MICE INJECTED WIT11 BOTULINUM TOXIN

AND TREATED INTRAPERITONEALLY WITH

BOTULINAL ANTITOXIN

BotulinUM Toxin Death-Survivor Ratio
Dilution Trial =1 Trial 2 -Trial 3

1Z0; 1 2/20

102 3/20

10~ 4/20 4/20 4/10

10' 7/20 2/20 1/10

10~ 7/20 1/10

10- 6 10/20 1/10

10~ 2/10

Aiitiscra therapy via this route appearod to be extremply

variable and at the raconunwdation of the scientific

technical ruprosentative, Dr. Carl LaManna, experiniolits

I. ill this. aroa of study wore tuormrinated.

J111111 Novo tny7i~
micrcbiologist

Submittod: August 100 1973-
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In conducting the research described in this report,
the Investigator(s) adhered to the "Guide for
Laboratory Animal Facitlities and Care." ~ as proaal~-
gated by the Commnittee on the Guide for Laboratory
Animal Resources, National Academy of Sciences,
National Research Council,.
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